WHAT IS CLAIMED IS 

1. A projection apparatus for projecting a pattej^f ormed 
on a mask held by a mask stage onto a substrate op/k substrate 
stage and transferring the projected patted, comprising: 
a charged particle beam source; / 

a shaping system for shaping a/charged particle beam 
emerging from said charged particl^ beam source to have an 
arcuate cross-section; / 

a projection optical system including a projection 
lens including a pair of magnetic lenses, said projection 
optical system being located between said shaping system and 
said substrate stage; 

a driver for supplying excitation currents to said pair 
of magnetic lenses to drive said projection lens; and 

a controller for controlling a ratio of the currents 
to be supplied from said driver to said pair of magnetic lenses 
to move a position of a principal plane of said projection 
lens. 

2. /The apparatus according to claim 1, wherein said 
cont/roller controls the ratio of the cur^^ts to be supplied 
from said driver to said pair of magnetic lenses so as to 
correct an image distortion of said projection optical 
system. 

3. The apparatus according to claim 2, wherein 



said projection optical system includes a secc 
projection lens including a pair of magnetic lens^to which 
excitation currents are supplied from said dr/ver, and 

said controller controls a ratio of the^currents to be 
supplied from said driver to said pair of magnetic lenses 
of said second projection lens to move/the position of the 
principal plane of said second proj^6tion lens so as not to 
change an image position and magni;f ication of said projection 
optical system when correctin/ an image distortion of said 
projection optical system^V controlling said first 
projection lens. / 

4. The apparatus according to claim 1, wherein 
said projection^apparatus f urthQ^_comprises 

acquisition means fol acquiring image information indicating 

a feature of an/image projected onto said substrate stage 

by measurement, and 

said c^'ntroller controls the ratio of the currents to 

be suppli^^d to said pair magnetic lenses so as to correct 

an image/6istortion of said projection optical system on the 

basis /f the image information. 

5. / The apparatus according to clai m 4, w herein the image 
in/ormation contains information indicating a radius of an 

nage formed on said substrate stage with the arcuate 
cross-sectional charged particle beam emerging from said 
shaping system. 
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6. The apparatus according to claim 5, wherein sai^ 
controller controls the ratio of the currents to be supplied 
to said pair of magnetic lenses, so that the measured/radius 
coincides with a theoretical radius obtained whe/ said 

5 projection optical system has no aberration. / 

7. The apparatus according to claim 4, wherein the image 
information is information indicating an image height of an 
image formed on said substrate stagVwi^t'h the arcuate 
cross-sectional charged particle beam that has passed 

10 through said shaping system. 

8. The apparatus according to .claim 7, wherein said 
controller controls the ratio of .the currents to be supplied 
to said pair of magnetic lenses , so that the actually measured 
image height coincides with a theoretical image height 

15 obtained when said projection optical system has no 
aberration. 

9. The apparatus according to claim 4, wherein 

said mask stage is arranged betweejisaid shaping system 
and said projection optical system, 
20 said acquisition means comprises 

an image distortion measurement mask having a 
transmitting system that passes therethrough a predetermined 
portion of the arcuate cross-sectional charged particle beam 
emerging' from said shaping system, said mask being held by 
25 said mask stage during measurement, and 
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a measurement unit for measuring coordinates of^ 
position where the charged particle beam that has parsed 
through said transmitting system becomes incident /6n said 
sample stage, and / 
5 image information indicating a feature^of an image 

projected onto said substrate stage is calculated on the 
basis of the measured coordinates. / 
10. The apparatus according to claim''^9, wherein 

said image distortion measurement ma^skhas a plurality 
10 of transmitting systems arranged^arcuatedly , and 

said measurement unit mea^sures coordinates of 
respective positions where charged particle beams that have 
passed through said transmitting systems become incident on 
said substrate stage. 
15 11. The apparatus acc9rding to claim 10, wherein 

said acquisition jneans calculates a ^^lus of an image 
projected onto said substrate stage on the basis of a 
plurality of measured coordinates, and 

said controller controls the ratio of the currents to 
20 be supplied from,said driver to said pair of magnetic lenses, 
so that a radiiis obtained by measurement coincides with a 
theoretical radius obtained when said projection optical 

/ 

system has /no aberration. 

12. The^ apparatus according to clairn__9, wherein 




- 32 - 



said acquisition means further comprises a substrat 
having a mark, said substrate being placed on said subs^ate 
stage during measurement, and 

said measurement unit detects backscatter electrons 
from said substrate, thereby measuring coordinates of a 
position where the charged particle beam tha^t has passed 



through said transmitting system becomes i^ncident on said 
substrate stage. / 
13. The apparatus according to claim 12, wherein 
measurement of the coordinates of ^he incident position is 
performed while moving said subs^ate stage such that the 
mark moves across the position /where the charged particle 
beam that has passed through s^id transmitting system becomes 
incident on said substrate stage . 

14 . The apparatus according to claim 13^wherein said mark 
is a crisscross mark made of a heavy metal. 
15- A control , method for a projection apparatus having a 
mask stage for holding a mask, a substrate stage for placing 
thereon a sample on which a pattern formed on said mask is 
to be projected, a charged particle beam source, a shaping 
system for shaping a charged particle beam emerging from said 
charged particle beam source to have an arcuate cross-section, 
a projection optical system including a projection lens 
including a pair of magnetic lenses, said projection optical 
system/being located between said shaping system and said 
substrate stage, and a driver for supplying excitation 
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currents to said pair of magnetic lenses to drive sayi^d 
projection lens, said method comprising: 

the acquisition step of acquiring correction 
information necessary for correcting aberratioi;)^ of said 
projection optical system; and 

the control step of controlling a ratio/of the currents 
to be supplied from said driver to said pai^f magnetic lenses 
to move a position of a principal plane of said projection 

lens . / 
10 16. The method according to cla|mJL5^, wherein the control 
step comprises correcting an image distortion of said 
projection optical system on'' the basis of the correction 
information. 

17. The method according to claim^S, wherein 
15 said projection optical system includes a second 

projection lens including a pair of magnetic lenses to which 
excitation currents are supplied from said driver, and 

the control/step comprises controlling a ratio of the 
currents to be/supplied from said driver to said pair of 
20 magnetic lens4s of said second projection lens to move a 
position of a principal plane of said second projection lens 
so as not' to change a field position and magnification of 
said projection optical system when correcting an image 
distortion of said projection optical system by controlling 
25 sale/ first projection lens. 
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The method according to claim 15, wherein 
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the acquisition step includes the measurement step 
acquiring by measurement image information indicating 
feature of an image projected onto said substrate st^e as 
the correction information, and 
5 the control step comprises correcting an i'fnage 

distortion of said projection optical system/on the basis 
of the image information. / 

19. The method according to claim 18, /^herein the image 

« / 

information contains information indi^cating a radius of an 
10 image formed on said substrate stage with the arcuate 

cross- sectional charged particle/beam emerging from said 
shaping system. /' 

20. The method according to' claim 19, wherein the control 
step comprises controlling/the ratl^ of the currents to be 

15 supplied to said pair of ma'gnetic lenses , so that the measured 
radius coincides with a theoretical radius obtained when said 
projection optical system has no aberration. 

21. The method according to claim 18, wherein the image 
information is information indicating-an-image height of an 

20 image formed on said substrate stage with the arcuate 
cross-sectional charged particle beam that has passed 
through said shaping system. 

22. The method according to claim ,21^wherein the control 
step comprises controlling the ratio of the currents to be 

25 suppl/i^d to said pair of magnetic lenses, so that the actually 
measured image height coincides with a theoretical image 
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height obtained when said projection optical system hasyf^o 
aberration. 

23. The method according to claim 15, wherein 

said mask stage is arranged betweeo-said shapi^ system 
and said projection optical system, 

said acquisition step comprises 

the preparation step of causing said rna^t stage to hold 
an image distortion measurement mask having a transmitting 
system that passes therethrough a prede^rmined portion of 
10 the arcuate cross-sectional charged oarticle beam emerging 
from said shaping system, / 

the measurement step of measuring coordinates of a 
position where the charged par/icle beam that has passed 
through said transmitting s^^/tem becomes incident on said 

15 substrate stage, and ^ 

the calculation s^'ep of calculating, as correction 
information necessary /or correcting an image distortion of 

said projection opti9(al system, image information indicating 

/ 

a feature of an iiffage projected onto said substrate stage 

20 on the basis of /the measured coordinates, and 

/ 

the control step comprises controlling the ratio of the 

currents to/be supplied from said driver to said pair of 

magnetic l4nses to move a position of a principal plane of 
/ 

said pr^Sjection lens so as to correct an image distortion 
25 of sa/d projection optical system on the basis of the 
cor^ction information. 
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24. The method according to claim 23, wherexn 

said image distortion measurement masktias a plurality 




of transmitting systems arranged ar^i^ediy, and 

the measurement step comprises il^suring coordinates 

of respective positions where charged particle beams that 

/ 

have passed through said transmitj/ing systems become 

/ 

incident on said substrate stage. 
25. The method according tq-^^claim 24, wherein 

the calculation step in the acquisition step comprises 
;0 10 calculating a radius of an'" image projected onto said sample 

stage on the basis of a plurality of measured coordinates, 

and / 

the control step comprises controlling the ratio of 
the currents to be supplied from said driver. to said pair 
15 of magnetic lenses, so that a radius obtained by measurement 
coincides with a theorecical radius obtained when said 
projection optical system has no aberration. 
25. TtQ^.;^thod according to claim 23, wherein 

the 3i|:quisition step further j::omprises the step of 
20 placing a substrate having a mark on said substrate stage 
before measurement, and 

the measurement step in the acquisition step comprises 
detecting backscatter electrons from said substrate, thereby 
measuring coordinates of a position where the charged 
25 particle beam that has oassed through said transmitting 
system becomes incident on said substrate stage. 
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27. The method according to claim 2&, wherein the 
measurement step comprises measuring /he coordinates of the 
incident position while moving said s{ibstrate stage such that 
the mark moves across the positioiyWhere the charged particle 
beam that has passed through sai/transmitting system becomes 
incident on said sample stagfe. 

28. The method accor^Wto claim 27, wherein said mark 
is a crisscross mark ma^Jof a hearty" metal. 

29. A method of mani^acturing a device, comprising the 
steps of: 

fixing a ma^ on said mask stage of said projection 
apparatus according to claim 1; 

placing y6 sample on said sample stage of said 
projection apparatus; and 

transferring a pattern formed on said mask onto said 

sample . 
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